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Abstract: The cyclic voltammetric (CV) study of a series of novel bisfulleropyrrolidines (3) and bisfullero-
pyrrolidinium ions (4) is reported. The eight possible stereocisomers of each series were systematically
investigated under strictly aprotic conditions that allowed the observation of up to four and five subsequent
reversible reductions in 3 and 4, respectively. Because of the stabilizing effect of positive charges, a
significant enhancement of the electronegative properties was observed in 4. In fact, 4-trans-2 and 4-trans-1
result among the strongest reversible electron-accepting Cgo oligoadducts. Furthermore, the study evidenced
that, in both 3 and 4, the CV pattern, and in particular the potential separation between the second and
third reductions, changes significantly with the addition pattern. A sequential w-electron model that simulates
the effect of subsequent reductions of Cgo bis-adducts gives a good correlation (r > 0.96) with the cyclic
voltammetry data when the molecules are divided in two sets dependent on the location of the addends in

the same or in opposite hemispheres.

Introduction Scheme 1

Fullerenes are excellent electron acceptors. In solution, up
to 6 electrons can be reversibly injected intg,&s shown by
CV and differential pulse voltammetric studie€so derivatives
are generally more difficult to reduce thago@tself, except for
a few peculiar casesWe have recently shown that the standard
potential relative to reduction of fulleropyrrolidines can be
modulated by alkylating the nitrogen atom in the fullerene-fused
heterocycle (Scheme %3¢ Using fulleropyrrolidium salts32),
we were able to show that (1) these species are easier to reduce
than fulleropyrrolidines and even thangdC the reduction
potential can be anticipated by up to 200 mV with respedt to
and up to 50 mV with respect tog6; (2) six reduction waves

T Universitadi Bologna.
* Universitadi Trieste.

(1) (a) Fukuzumi, S.; Guldi, D. M. liElectron Transfer in Chemistryalzani,

V., Ed.; Wiley-VCH: Weinheim, 2001; pp 27337. (b) Echegoyen, L.;
Echegoyen, L. E. I©rganic ElectrochemistryLund, H., Hammerich, O.,
Eds.; Marcel Dekker: New York, 2001; pp 32340.
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have been observed for the first time in fullerene derivatives

M.; Cosnier, S.; Kordatos, K.; Marcaccio, M.; Margotti, M.; Paolucci, F.;  using ultramicroelectrodes (Scheme 1).
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It is generally accepted that the increase of the number of
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Pavlovich, J.; Gonzalez, R.; Wudl, Bciencel995 269 1554-1556. (g) modifications that result in compounds progressively more

Zhou, F.; Van Berkel, G. J.; Donovan, B. I.Am. Chem. S0d994 116,

5485. (h) Liu, N.; Morio, Y.; Okino, F.; Touhara, H.; Boltalina, 0. v.;  difficult to reduce? However, pulse radiolysis experiments
Pavlovich, V. K.Synth. Met1997 86, 2289. (i) Burley, G. A Avent, A. - jndicate that bispyrrolidinium ions are even easier to reduce
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We report here a systematic voltammetric study of a series 00 10 20 30 00 10 20 30
of novel compounds: neutral bispyrrolidin€sand doubly
charged bispyrrolidinium salt4. Additionally, we show that, 07 . 07y
at variance with previous reports on fullerene bis-add?itts, 20 4 02 1
CV morphology of bis-adducts changes with the addition 1 1
pattern; in particular, the separation between the second and  *'° ] ‘5-0‘1 7
third reduction seems to be a rather sensitive probe of the relative = | | = 004
location of addends onto the fullerene spheroid. 1 1
10 0.1 4
Results and Discussion 1 |
. . L. 20 T T T 0.2 T T T
We have recently reported the isolation and characterization 0o 40 20 a0 00 10 20 a0
EIV EIV

of all N-TEG bis-adduct$ (Scheme 25.

All of the bis-adducts were subjected to exhaustive alkylation
by dissolving 3 in neat methyl iodide for 1 week Each
compound4 consists of a mixture of stereoisomers. The two
chiral nitrogen atoms give rise to four possible diastereoisomers,
except in the case of-trans1 where meso structures are
possible, which lead to only two diastereoisomers. The elec-
trochemical studies were performed on the mixture of isomers.
All of the bis-salts are reasonably soluble in THF.

Electrochemistry. In THF solutions, at 28C and under very
dry conditions? fulleropyrrolidine bis-adduct8 undergo four

reversible one-electron reduction processes, as exemplified in

Figure 1, where the CV curves f@rcis-3, 3-trans-4, 3-trans-

1, and3-trans2 are displayed. Th&;, values relative to the
four reductions of all eight stereoisomers are collected in Table
1.

The CV patterns of bis-adducts are reminiscent of that of
N-TEG monoadduct. which however also undergoes, under
the same conditions, a fifth reversible reduction at more negative
potentials (Table 13.In the case of bis-adduc8 by contrast,

a further reduction was not detected even within the wider
negative potential window investigated at low temperature
(down to—3.2 V at—60°C), as shown, foB-trans-1, in Figure

2. Comparison of th&;, values for the first reduction of bis-
adducts3 with that of the monoaddudt (Table 1) shows that
the former are in general more difficult to reduce than the
latter: the negative shift of the correspondiBg, value with

(3) (a) Boudon, C.; Gisselbrecht, J.-P.; Gross, M.; Isaacs, L.; Anderson, H.
L.; Faust, R.; Diederich, Rdelv. Chim. Actal995 78, 1334-1344. (b)
Cardullo, F.; Seiler, P.; Isaacs, L.; Nierengarten, J.-F.; Haldimann, R. F;
Diederich, F.; Mordasini-Denti, T.; Thiel, W.; Boudon, C.; Gisselbrecht,
J.-P.; Gross, MHelv. Chim. Actal997, 80, 343—-371. (c) Nierengarten,
J.-F.; Habicher, T.; Kessinger, R.; Cardullo, F.; Diederich, F.; Gramlich,
V.; Gisselbrecht, J.-P.; Boudon, C.; Gross, ielv. Chim. Actal997, 80,
2238-2276. (d) Boudon, C.; Gisselbrecht, J.-P.; Gross, M.; Herrmann, A.;
Ruttimann, M.; Crassous, J.; Cardullo, F.; Echegoyen, L.; Diederic8, F.
Am. Chem. Sod 998 120, 7860-7868. (e) Avent, A. G.; Birkett, P. R.;
Carano, M.; Darwish, A. D.; Kroto, H. W.; Oviedo Lopez, J.; Paolucci, F.;
Roffia, S.; Taylor, R.; Wachter, N.; Walton, D. R. M.; Zerbetto JFChem.
Soc., Perkin Trans. 2001, 140-145.

(4) Guldi, D. M. J. Phys. Chem. BR00Q 104, 1483-1489

(5) Kordatos, K.; Bosi, S.; Da Ros, T.; Zambon, A.; Lucchini, V.; Prato JM.
Org. Chem.2001, 66, 2802-2808.

(6) Carano, M.; Ceroni, P.; Mottier, L.; Paolucci, F.; RoffiaJSElectrochem.
Soc 1999 146, 3357

(7) Carano, M.; Ceroni, P.; Da Ros, T.; Kordatos, K.; Tomberli, V.; Paolucci,
F.; Prato, M.; Roffia, SElectrochim. Acta200Q 46, 265-269.
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Figure 1. CV curves of 0.5 mM (aB-cis-3; (b) 3-trans4; (c) 3-trans-1;

(d) 3-trans-2, THF solutions (0.05 M TBAH). Scan rate: (a) and (c) 0.5
VIs; (b) 2 V/s; (d) 10 V/s. Working electrode, Pt wire or (d) Pt disk electrode
(diameter= 125um). T = 25 °C.

Table 1. Ei Values (V vs SCE, T = 25 °C) Relative to
Subsequent Reductions of the Eight Stereoisomers of
N-TEG-fulleropyrrolidine Bis-adducts 3 and Parent Compounds,
Ceo and 1

species EyplV
Coo -0.35 —-0.94 -1.50 —-1.99 —2.50
1 —0.44 —0.99 —1.60 —-2.10 —2.83
3-trans1 —-0.51 -1.05 —-1.76 —-2.18
3-trans2 —-0.53 -1.06 -1.85 —-2.30
3-trans-3 —0.60 —-1.14 —-1.84 —2.26
3-trans4 —-0.61 -1.16 —-1.74 —2.18
3-equatorial —0.62 -1.15 -1.85 —2.30
3-cis-3 —-0.64 -1.20 —-1.76 —2.24
3-cis-2 —0.65 —-1.18 —1.85 —-2.31
3-cis-1 —0.56 -1.10 —-1.84 —-2.31
-40 —
.20 —
LR
0 —
20 ‘777
0.0 -1.0 2.0 -3.0
EIV

Figure 2. CV curve of 0.5 mM3-trans1 THF solution (0.05 M TBAH).
Scan rate: 0.5 V/s. Working electrode: Pt wife= —60 °C.

respect to monoadduct ranges from 70 mV3drans-1 to 210
mV for 3-cis-2. Such a trend, also observed for the subsequent
reductions, is expected on the basis that saturation of the second
double bond makes bis-adducts worse electron acceptors than
monoadduct.

It is worth noticing, however, that the shift of each reduction
in 3 with respect to the corresponding process$ is not constant
along the series of stereoisomers.
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Table 2. Ej; Values (V vs SCE, T = 25 °C) Relative to
800 —| Subsequent Reductions of the Eight Different Stereoisomers of
Bis-N-methyl-N-TEG-fulleropyrrolidinium Bis-adducts 4 (lodide
Salts) and Parent Compound 22
2 species EualV
i 600 7 2 -029 -079 -134 -184 -2.66 -3.1%
< 4-trans-1 -0.26 —-0.67 —-136 —175 —242
4-trans-2 -0.27 -0.74 -153 -1.93 -260¢
4-trans-3 —-0.34 -0.83 —-151 -194 -2.63
400 &2 4-trans4 -0.33 -0.83 -138 -1.83 -267
4-equatorial —0.36 —0.83 -1.60 -—-2.07 -2.6%
S, 4-cis-3 -0.38 -0.85 -140 -184 -2.7C
TT2T3T4 E C3C2C1 4-cis-2 -033 -084 -152 -199 -267
Figure 3. Potential gapsAE, absolute values) between subsequent redox 4-cis-1 -0.34 -0.82 -152 -2.00 -2.66
processes in bisfulleropyrrolidirg(full lines) and bisfulleropyrrolidinium
4 (dashed lines): @, andO) Ey/" —Ey/; (W andO) By —Ey'; (4 and aData obtained at-60 °C.
A) EydV—Egp".
404 g
12 4
8 -20
4 - ER
EL i =
=, 0
o i
. 20477
8 T | T T ' 0.0 1.0 20  -30
0.0 -1.0 2.0 E/V
EIV -20
Figure 4. CV curve of a saturated-equatorial THF solution (0.05 M b
TBAH). Scan rate: 0.5 V/s. Working electrode: Pt wifle= 25 °C.
. . . -10 -
Isomers3-cis-3 (Figure la) andB-trans-4 (Figure 1b), for <
instance, closely resemblesdCbecause their regular, evenly 3 1
spaced CV curve differs from that of the parent fullerene 0 -
uniquely for its location on the potential axis. By contrast,
3-trans-2 (Figure 1d) shows a gap between the second and third
reductions that is significantly larger than that in the above

; . 10 ; ; . .
isomers and in both & and 1 (compare Table 1). 00 10 20 30

These findings are summarized in Figure 3, where the gaps EIV
between subsequent reductions for all isomers are shown. Therigure 5. CV curves of a saturated (d)equatorial; (b)4-trans-3, THF
gap between the first and second reduction is almost constanisolutions (0.05 M TBAH). Scan rate: (a) 2 V/s, (b) 0.5 V/s. Working
along the series and amounts to about-5860 mV, close to  ©'éctrode: PtwireT = —60°C.

the values found in § (590 mV) andl (550 mV). Also, the  4_equatorial and-trans-3. The reversibility of such a process
gap between the third and fourth reduction is rather constantncreased, that is, anodic-to-cathodic peak current ratios were
(420-480 mV) and slightly smaller than the corresponding closer to one, when the scan rate was increased, and therefore
value in Goand1 (490-500 mV). Conversely, the gap between it was safely attributed to the fifth reduction of the fullerene
the second and third reductions changes rather sharply a|0ngspheroid. Conversely, a sixth peak that is observed at slightly

the series: the narrowest gap is found in the cas8-cit-3 more negative potentials (Figure 5) could not be attributed to

(560 mV), identical to the value found ine6; while the widest  the starting species because its height decreased as the scan rate

one is that of3-trans2 (790 mV). was increased, and it was rather attributed to a follow-up product
Similar results were obtained for the chargedanethylN- of the partly irreversible fifth reduction. As a likely consequence

TEG-fulleropyrrolidinium bis-adductst. The rather lower  of the stabilizing effect of the two positive charges in the
solubility in THF of these compounds with respect to the neutral methylated bis-adduct;* the first reductions o#-trans-2 and
fulleropyrrolidines, along with adsorption phenomena and partial 4-trans-1 are even easier (by 20 and 30 mV, respectively) than
chemical instability of multiply reduced species, made in general those in monoaddu@ (Table 2).
the analysis of the CV curves dfmore difficult than in the Incidentally, this places these charged isomers among the
previous case. Similar to their neutral counterparts, all eight strongest reversible electron-accepting @erivatives, being
stereoisomers show four reversible one-electron reductions atanticipated with respect to ¢ itself by 80 and 90 mV,
25 °C, as illustrated in Figure 4 for isomdrequatorial. The  respectively. Inspection of thEy/, values reported in Table 2
Eu1/2 values for all redox processes are reported in Table 2. shows that also, in the case of the methylated bis-addiicts

At low temperature £60 °C), a fifth reduction, partially nonconstant gap is observed between the second and third
reversible, was also observed, as shown in Figure 5 for isomersreduction (Figure 3). The average gap between the first and

J. AM. CHEM. SOC. = VOL. 125, NO. 23, 2003 7141
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second reduction is in fact 570 mV, close to the corresponding recently, Fowler was able to predict the halogen addition pattern

values observed for g and 2. However, while for the latter in CsoXg (X = Cl, Br) and GoCly! with a simple extension of

species a similar value is also measured between the secondhe Hickel model based on ideas developed by Couldah.

and third reduction, the gap varies in the case of bis-adducts,Here, we use a similar approach that employs the molecular

from 530 to 550 mV 4-trans-4 and4-cis-3) up to 770 mV 4- orbitals to calculate the free-valence indé%, It originally

equatorial). served to rationalize the radical addition to small unsaturated
The effect on the potential gaps between subsequent reduchydrocarbon¥"1°and is defined as

tions in the various isomers may help to elucidate the role of .

the addends and of their relative locations on the electronic Fr = Noax = N: @

properties of bis-adducts. whereN; is the sum of bond orders over all bonds joining atom

Itis well known that the regular, evenly spaced six-reduction | .. tha remainder of the systemNmaxis the maximum value

CV pattern as observed insgand Go is usually lost in their ¢ yhis sym and depends on how many other trivalent carbons
derivatives. Because of molecular features such as electronic

7 ! are attached to the atom in questidi;ax is /mfor a trivalent
coupling and HOMG-LUMO gaps, the re?"’x potential&() carbon attached tm othersr atoms!® We simply calculate the
of subsequent electron transfers to discrete molecules ar

Celectrostatic interactions between the atoms that host the first
generally not evenly spacéddowever, when such molecular

) ) ; o two reductions, selected on the basidgfand that (or those)
effects are absent, such as for instanceq &linear variation \here the third electron will be mainly located. The site(s) of
of Eu2 with the valence state of the molecule is observed, as first reduction is calculated on the basis of a 56-center, 56-

i 0
predicted by the Born theofy:°In fullerene monoadducts such electron system. The site(s) of second reduction is recalculated

as methanofullerenes and fulleropyrrolidines, a larger 9ap o the pasis of a 56-center, 57-electron system. The first and
between the fourth and fifth reductions is found with respectto .nq reductions have a total charge-df each. The third

the previouscf())nes due to the partial removal of LUMO jte(q)— recalculated on the basis of a 56-center, 58-electron
degeneracy?19Such an effect, together with the negative shift system — is assumed to contain only a fractional charge,

of the. redox processes usually qbserved in fullerene de”Vat,'Ves’proportional toF, divided by the number of symmetry equivalent
explains why only five reductions are observed, the sixth gy,mq The role of the fractional charge is to assist or to
reduction becoming too negative to be observed in the ava”ablediscourage accommodating the incoming third electron. The

negative potential windows. Vice versa, lmethylN-TEG- electrostatic interaction between the first two electrons and the
fulleropyrrolidinium ion monoaddua, because of the anticipa-  eqjqual charge estimates how easy or difficult is to have a third
tion of all reduction processes due to the stabilizing effect of \oqction. In practice, the larger is the value of the electrostatic

the positive charge, one observes the occurrence of such a sixthaaction, the more difficult it is to introduce the electron, and
reduction?a¢ For the same reasons, the fifth reduction cannot a larger reduction potential is required

be o_bserved in the case fTEG-fulleropyrrolidine bi_s-adducts Figure 6 shows the eight Schlegel diagrams of the bisful-
3 (Figure 2) but may be observed after methylation of the N o5y rrolidines with the sites of the two pyrrolidine adducts,
atoms (Figure 5). and the three reductions. Two rules must be specified: (1) If

Figure 3 shows that the gap between the second and thirdyyo or more sites have the sarfig the electronic charge is
reduction depends strongly on the nature of the bis-adduct. Tosplit equally over the number of sites, unless (2) another
obtain a deeper understanding of such a rather unexpected aspeg¢tqyction is competing for the same sites, in which case the
of voltammetric behavior of this class of compounds, quantum ¢parge is localized (as little as possible) to avoid the interaction
chemical calculations were therefore carried out. of two different electrons on the same atom.

Calculations. Both empirical considerations and quantum  The rules are best illustrated by considering practical cases:
chemical AM1 calculations failed to reproduce the experimental (a) incis-2, cis-3, trans-2, trans-3 adducts, the first two electrons
differences. The gaps do not correlate with simple molecular enter the same sites, or atomic orbitals, and it is natural to
descriptors such as the distance between the two addends. Thgssume that each will take one: (b) analogously, in the equatorial
AML1 calculations showed that the observed reduction potentials gndtrans-4 bis-adducts, the second and third reductions occupy
do not correlate with (a) the heat of formations of the reduced the same sites, and it is assumed that one will take the electron
species, (b) the LUMOs energies of the neutral molecules, (C) and the other will “nest” the following reduction; (c) is-1,
the orbital energies of the reduced systems, or (d) otherthe first electron enters two sites, and the second enters a
descriptors, connected to theelectron conjugation pattern, that  djferent one. The two equivalent sites of first reduction each
have been used before to rationalize the nonlinear optical (ke one-half of the electronic charge. The site of second
response in fullerene derivativés. reduction takes the full electronic charge; (ns-1 bisful-

In the past, many electronic properties ofoMave been  |eropyrrolidine is a complicated case. The four equivalent sites
described by the simplest possible quantum chemical approachof the first reduction each take one-quarter of the electronic
the Hickel theory. For instance, the molecular orbital pattern charge. The 4 atoms for which the second and third reductions

of Ceo Was successfully predicted by Raghavackaore compete localize each reduction in a pair of sites in five
(8) Ward, M. D.Chem. Soc. Re 1995 24, 121-134 (12) Haddon, R. C.; Brus, L. E.; Raghavachari,Ghem. Phys. Letl986 125,
(9) Weaver, M. J.; Gao, XJ. Phys. Chem1993 97, 3332-338 459-64.
(10) (a) Paolucci, F.; Marcaccio, M.; Roffia, S.; Orlandi, G.; Zerbetto, F.; Prato, (13) Rogers, K. M.; Fowler, P. WChem. Commurl999 2357-2358.
M.; Maggini, M.; Scorrano, GJ. Am. Chem. Sod995 117, 6572-6580. (14) Burkitt, F. H.; Coulson C. A.; Longuet-Higgins, H. Trans. Faraday Sac
(b) Arias, F.; Echegoyen, L.; Wilson, S. R.; Lu, Q.; Lu, ®.Am. Chem. 1951, 47, 553.
So0c.1995 117, 1422-1427. (15) Coulson, C. AFaraday Discuss. Chem. Sat947, 2, 9.
(11) Fanti, M.; Orlandi, G.; Zerbetto, B. Phys. Chem. A997 101, 3015~ (16) Moffitt, W. E. as reported by Coulson, C. A. Chim. Phys. Phys.-Chim.
3020. Biol. 1948 45, 243.
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Trans-1 Trans-2 Trans-3 Trans-4
Figure 6. Schlegel diagrams with the location of the two pyrrolidine rin@3, the site(s) of the first@) and second+) and third () reductions.

with the incoming negative charge more strongly and promote
more easily the reduction.

Conclusions

In this paper, we report the standard potentials relative to
E the subsequent four and five reversible reduction processes
respectively occurring in two series of bis-adducts gf Geutral

¢ bispyrrolidines3 and bis-saltg. Both series show similar trends,

1 the bis-salts showing a more electronegative behavior, as

T T , T expected on the basis of previous work. Some isomers have a
0.05 010 015 rather unexpectedly wide potential difference between the

electrostatic interaction / a.u. . . . . .

) . o second and third reductions. In an attempt to rationalize this
Figure 7. Correlation between the potential differences of the second and behavi h £ d hemical di Thi
third reduction of3 (referred to3-cis-3) and the calculated electrostatic e aV.IOF,. we have periorme quamum chemical stu Ies.. 1S
interaction: ®) cis and equatorial bis-adduct€)(trans bis-adducts. work indicates that the experimental results can be simply

explained with a sequentiat-electron model whose main
resonance structures. The final electrostatic interaction is takenfeatures have been used in the past to predict the halogen
as an average of the contribution of each structure (other choicesaddition pattern in gXs (X = ClI, Br) and GClio.
based for instance on only three resonant structures, gave simila
results). _ _ ‘

As can be seen in Figure 6, all sites calculated V@ttor | t_'v'at_e”a's' Compfh“rl‘q%"_"d_h "t"ere S”theCted tto eﬁha‘ft"’e?:‘;hiﬁ |
the reductions are at least doubly degenerate for symmetry.a 1on In excess methyllodide at room temperature for - week. Methy

The ch is thus divided th t di iodide was then removed under vacuum, and the residue was washed
reasons. € charge IS thus divided over . e. cen er_s accor Ingseveral times with toluene and then with diethyl ether. The reaction
to rules 1 and 2. Once the electrostatic interactions were s followed by TLC (silica, methanol/acetic acid 9:1). The mono-
calculated and compared to the differences of the reduction ang bisalkylated fulleropyrrolidinium ions possess different values of
potentials between the second and the third reduction, it becamer, 0.3 and 0.1, respectively. The products were characterized by ES-
evident that the eight molecules split into two sets. MS, where a peak atv2 = 564 was the main peak (100%) in all

Figure 7 illustrates the trends which have correlation coef- Cases. Aminor peak a¥z = 1128 (M") was also present with intensity
ficients of 0.97 for the set made by the bis-adducts with addendSOf about 5%, confirming the successful bisalkylation. The possible
located in the same hemisphecis(L, cis-2, cis-3, and equato- product of monoalkylatlon of the blsjadducts has a molecular weight

. . of 1113, which was never observed in any of the bis-adducts used for
rial) and 0.96 for the set of molecules that includes addends

) . ’ the CV studies. All materials were reagent grade chemicals. TBAH
Iocate4ds in opposite hemisphereég(s1, trans2, trans-3, and (puriss from Fluka) was used as supporting electrolyte as received.
trans-4).

Tetrahydrofuran (THF, LiChrosolv, Merck) was treated according to a
The success of the model implies that the gaps between theprocedure described elsewhéror the electrochemical experiments,
second and third reduction have a dominant electrostatic the solvent was distilled into the electrochemical cell, prior to use, using

contribution that is due to the way the addends modify the @ trap-to-trap procedure. _
molecular orbitals by saturating theelectron system of &. Electrochemical Instrum_entatlon and Mea_st_Jrementg.The one-
The separation of the molecules in two sets, where the compartment E|e°tr°°hem.'cal Ce.” was of airtight de§lgn W'th high-
- . : ., _ vacuum glass stopcocks fitted with either Teflon or Viton O-rings to
pyrrqlldlnes a}re Iocateql in th_e same or in the OF’pO_S'te prevent contamination by grease. The connections to the high-vacuum
hemisphere, is rather interesting and can be qualitatively jine and to the Schienck tube containing the solvent were obtained by
explained considering that the derivatization introduces small spherical joints also fitted with Viton O-rings. The pressure measured
local positive charges at the tetravalent saturated carbons. Whein the electrochemical cell prior to performing the trap-to-trap distillation

the positive atoms of the addends are closer, they can interacbof the solvent was typically 1.0 to 2.8 10°° mbar. The working

AE— AE(3-cis-3) I mV

IiExperimen’[aI Section
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electrode consisted either of a 0.6 mm-diameter platinum wire (0.15 acquisition was performed by a Nicolet model 3091 digital oscilloscope
cn? approximately) sealed in glass or of a Pt disk electrode (diameter interfaced to a PC. Temperature control was accomplished within 0.1
125 um) also sealed in glass. The counter electrode consisted of a°C with a Lauda RL 6 CS thermostat.

platinum spiral, and the quasi-reference electrode was a silver spiral.

The quasi-reference electrode drift was negligible for the time required . ... . .
by a single experiment. Both the counter and the reference electrodem't'atlve of the European Union under contracts HPRN-CT-

were separated from the working electrode-§.5 cm. Potentials were 2002-00177 (WONDERFULL) and HPRN'CT'ZOQZ'OO]'?&
measured with respect to the ferrocene standard and are always referre&CASSIUSCLAYS)' We grate.ful'ly acknoyv!edge partial support
to saturated calomel electrode (SCE) values correspond tdfe + from CNR by program “Materiali Innovativi (legge 95/95)" and
E./2 from CV. For irreversible peaks, the peak potenfiglis given, Agenzia 2000, MIUR (PRIN 2002, prot. 2002032171 and
measured at 0.5 V8. Ferrocene was also used as an internal standard 2002035735), and the University of Bologna (‘Funds for
for checking the electrochemical reversibility of a redox couple. Selected Research Topics”).
Voltammograms were recorded with a AMEL model 552 potentiostat  jp034795w

or a custom made fast potentiostabntrolled by either a AMEL model
568 function generator or a ELCHEMA model FG-206F. Data (17) Amatore, C.; Jutand, A.; Per, F.J. Electroanal. Chen1987, 218, 361.
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